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Introduction

The Information Sciences and Human Factors (IS&HF) Division is one of five

divisions that comprise NASA's Office of Aeronautics and Exploration

Technology (OAET). This division sponsors research in both aeronautical and

space technology, and Annual Report documents the most significant

accomplishments during the past year. Each year, the Annual Report is

prepared to serve as the primary mechanism for coordinating NASA activities

with industry and industrial IR&D managers. This document also is intended
to communicate significant technical accomplishments to NASA

technologists, project engineers, other government agencies, and academia.

The IS&HF Program consists of seven major elements: Automation and

Robotics, Computer Sciences, Communications, Controls and Guidance, Data

Systems, Human Factors, and Sensor Technology. Accomplishments are

presented in all seven categories with Controls and Guidance and Human
Factors research represented in two sections, Space and Aeronautics.

The NASA Pathfinder Program was initiated in FY 1988 with the goal of

providing a strong technology foundation for the nation's future space
missions. The IS&HF Division has focused Pathfinder technology activities

in Planetary Rover Technology, Human Factors/EVA suit, Automated

Rendezvous and Docking, and Adaptive Hazard Avoidance Landing. In FY

1991, it is anticipated that more focused activities in Space Exploration

technologies will be initiated.

Within the Base Aeronautics Human Factors Program, focused efforts in

Aviation Safety/Automation were initiated in fiscal year 1989. The objectives of

this program include the development of human-centered automation

concepts for use in future transport aircraft and air traffic control (ATC)
stations. The integration of highly automated aircraft into the future ATC

system also will be addressed in this program augmentation. Beginning in
FY 1990, the Airborne Wind Shear Detection and Avoidance research efforts

were augmented to allow flight evaluation of Doppler radar, lidar, and
infrared sensors.

To aid in communicating program efforts, the names and phone numbers of

Headquarters program managers are included in this report along with the

names and phone numbers of the key center technologists who conducted or

managed the significant activities.

Division Director: Lee Holcomb

(202) 453-2747

Deputry Director: Ray Hood
(2O2) 453-2745
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Automation and Robotics

OAST created the Civil Space Technology Initiative (CSTI) to improve NASA space
technology. Of particular concern has been the cost of NASA ground and flight
operations, such that the CSTI program has focused significant resources on
development and demonstration of automation and robotics technologies for space
applications. Artificial intelligence and telerobotics, when applied to the space
environment, have the capability to improve productivity and enhance safety

significantly, as well as reduce the cost of NASA operations.

The Automation and Robotics Program is divided into two areas, with the Telerobotics

Program focusing on automation for in-space servicing, assembly, and repair.
Applications demonstrations are planned at NASA mission centers for the transfer of
the technology into the operations environment. Underlying the demonstrations are
five research areas that will develop expertise in robotics, supervisory control,
advanced teleoperation, and launch processing systems. Coordination with DARPA's
Automation and Robotics Program is achieved since NASA acts as a DARPA agent.

The Telerobotics Program has achieved major technology demonstrations through
three significant activities: the automated assembly of a planar truss space structure,
human]telerobot cooperative operations during repair of the Hubble Space Telescope
in a neutral-bouyancy simulation, and completion of components of the Solar Max

Repair mission using advanced teleoperations instead of astronaut EVA activities.
The Artificial Intelligence Program has developed an operational readiness prototype
expert system for monitoring the Shuttle communications systems and initial
integration of the EXODUS system for diagnostics and control of the Shuttle
Environmental Control System. Also, we developed an expert system for aiding in the
evaluation of the communications systems for unmanned planetary spacecraft,
which was first operationally used during the Voyager encounter with Neptune.

Major research goals were accomplished in the areas of telerobotics operator
interface and data analysis techniques. In the operator interface element, higher-
performance force reflecting hand controllers and triggers were tested for
teleoperation. In the AI data analysis techniques element, a collaborative effort with
DARPA began on research of intelligent communicating agents, while the Autoclass
probabilistic reasoning system produced striking new classes of spectral objects when
applied to Infrared Astronomical Satellite data.

In addition to the CSTI technologies, OAET has been reviewing the technology
requirements for future planetary and lunar missions and has packaged these into
the initiative called the Exploration Technology Program. In the area of exploration, a
significant amount of automation and robotics research will be focused on the
development of a planetary rover that would act in the place of humans in the
scientific discovery efforts of the Moon and Mars, semi-autonomously, with only
occasional communication and direction from Earth. This is a challenging problem

in that the rover will effectively be a mobile laboratory with its own instrumentation,
tools, and intelligence for self-navigation and rock sample acquisition and analysis.

This development effort is a requirement unique to NASA and builds on the in-house
expertise in automation and robotics that has resulted from the CSTI program.

Program Manager: Melvin Montemerlo
NASA/OAET/RC

Washington, DC 20546
(202) 253-2744
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Gommunic ations

The objective of the Communications Technology Program is to enable data
transmission to and from low-Earth orbit,geostationary orbit,and solar and deep

space missions. This can be achieved by maintaining an effective,balanced effortin

basic, applied, and demonstration prototype communications technology through

work in theory, experimentation, and components.

The program consists of three major research and development discipline areas: (1)
microwave and millimeter wave tube component research and development; (2) solid-
state monolithic integrated circuit research and development; and (3) free space laser
communications component and device research and development. The research
ranges from basic research in surface physics (to study the mechanisms of surface
degradation under high temperature and voltage operating conditions, which
impacts cathode tube reliability and lifetime) to generic research on the dynamics of
electron beams and circuits (for exploitation in various micrometer and millimeter
wave tube devices). Work is also performed on advanced III-V semiconductor
materials and devices for use in monolithic integrated analog circuits (used in

adaptive, programmable phased arrays for microwave antenna feeds and receivers),
on the use of electromagnetic theory in antennas, and on developing technology

necessary for eventual employment of lasers for free space communications for future
low-Earth, geostationary, and deep space missions requiring high data rates with
corresponding directivity and reliability.

Program Manager: Ramon P. De Paula
NASA/OAET/RC

Washington, DC 20546
(2O2) 453-2748

PR_ir_3 F,_C,E _t.._J_K NOT F;LMED 3].



0

!
|
8

o

0

0

32



O
nL

(5

t-
o

E

Eo
0

._1

8

ORIGINAL PAGE

_LACK A_D WHrTE PNOTOn,_/_,._

33



.e

.i
8,

o
a.
m

m
o

in

D.
O
¢J1
t-
O

=l

O
oB

C:
:2
E
E
O

====

¢1
E

00
V

LU
a.
O

00

_3-o==s
m ;_" _ 0

_ _,__ __ o_0_

= ..,..,== O E®

"0 =25 Y" "__ _ _._ _._ _"_

34



r,,

E
in

D=
X
LIJ

,=_
U

m

U

8o

o

co

' _.uCE

ORIGINAL PAGg

BLACK AND WHITE PHOTOGRAPH

35



0

8

_._

° _

._

o_,_

o o

36



o
o

!
i
8

,,,,J

3.
U)

I I I I

(_) H3MOd .Lrld.Ll'lO



O

8

m

e,_

¢',t

,-I
N,=,=

O

"O
,-t

e,,
O

iI

=n

r-im

e"
O

el

m

|l
N,"=

t-
O
O

¢

=,..,? _

! !

38



Large Deployable Antenna (LDA) Configuration
Definition Guidelines

LDA Configuration

Scanning _'__

sub-reflector / I_
_/Sub-reflector Yacking i

path

Main reflector

Radiometer/Antenna Design Goals

Paramete_

Frequency range

Main reflector size
Subreflector size

F/D

RMS surface accuracy
(main & subreflector

Requirement and/or
Specification

5-50GHz

40m
0.5-0.6 x main reflector size

1.5-2.5

0.1mm

Portion of full disk to scan
Mode 1 - full disk
Mode 2 - limited scan
Mode 3 - slam

Beam efficiency

Revisit requirements

+7.5 °
:1:2.4°
dwell on small region(s)

>90%

1-3 hrs.

Thermal differential 100"

Deployable Truss Reflector Concept
(Pactruss Design)

Focal Point

__ _Jr.

Subrefiector
--.5D

Panels approx.
2 x 3m, 6cm

1.5D

Surface Rectangular
Facet Concel_t

39
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Submillimeter Backward-Wave Oscillator

powlm OUllRJT _ mW AT 170 CIHz

CONTINUOUOLY _ FROM 11_ TO _lll Gl_

FIEDESIGINED ELECTRON GUN FOR CW OPERATION

SNmHIRE LENS FOR QUASI OPTICAL OUTPUT COUPLER
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Computer Sciences

The overall goal of the Computer Science Research Program is to foster the
advancement of computing technology targeted at aerospace applications. This goal is
being realized through a program of basic research and experimentation that focuses
on developing core skills within the Agency in disciplines critical to NASA and on
maintaining a strong university base of fundamental research in aerospace computer
science.

The research program is improving the state of knowledge of fundamental aerospace
computing principles. Computing technology in crucial space applications, such as
software engineering for very reliable systems and information extraction from data
collected by scientific instruments in space, is also being improved.

The program includes the development of special algorithms and techniques to exploit
the computing power provided by high performance parallel processors and special

purpose architectures. Problem areas of importance include computational fluid
dynamics, computational chemistry, structural analysis, signal processing, and
image processing. The computer architectures of interest include common and local
memory multiprocessors, single-instruction stream/multiple data stream processors,
static data flow processors, systolic arrays, and heterogeneous multiprocessors with
custom processors. Research is conducted in programming languages and
environments, parallel and distributed operating systems, and performance
measurements.

Research is also being conducted in the fundamentals of data base logic. This work
has resulted in the development of a common user interface for accessing data from
several data bases even when the data bases being accessed have very different

structures. This work provides the foundation that will enable NASA space data users
access to multiple data bases independent of the physical distribution or structure of
the data bases. This work will reduce the cost of such investigations and enable data
base intensive scientific research that would otherwise be unaffordable. Other work is

under way to develop and test an expert system that can serve as an assistant to
researchers analyzing space-derived data.

Research is being conducted to improve techniques for producing reliable computing
systems. That work is directed at both reducing the number of faults in software and
making systems that are tolerant to faults. New approaches and methods for software
management and engineering have been devised and are now being evaluated under
real working conditions. In addition, emphasis is being placed on the automatic reuse
of software to lower software production costs. Future objectives in a new software
engineering initiative will include research on the theoretical foundation and
extending and evaluating approaches for developing reliable complex software.

The Computer Sciences Program is coordinated with the Space Station's Software
Support Environment (SSE) and the DoD-sponsored Software Engineering Institute
(SEI) and ADA. NASA also participates with DoD and other national bodies on several

advisory and technical coordination committees.

Program Manager: Paul H. Smith, (202)453-2753
Paul Hunter, (202)453-2704
NASA/OAET/RC

Washington, DC 20546
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Controls and Guidance- Aeronautics

The overall objective of the Aeronautics Controls and Guidance Program is to provide
a validated technology base leading to the development and exploitation of new

concepts, analysis/design methodologies, and flight systems for future civil and
military aircraft. This technology base will provide increased efficiency, effectiveness,
reliability, and safety for new aircraft. The program is organized in broadly
applicable, generic elements and in more focused vehicle-specific elements. The
generic elements are Control Theory, Guidance Technology, and Flight Crucial
Systems. Vehicle-specific elements are Generic Hypersonics, Subsonic Transport/
Commuter/General Aviation, Rotorcraft, and Fighter/Attack.

Research in the Control Theory element is directed toward the development of
improved flight control analysis/design methodologies for highly integrated, robust
flight control systems. These methodologies will account for strongly coupled,
nonlinear plant dynamics. In order to develop an understanding of the dynamics of
new vehicles, such as VSTOL and High Alpha research vehicles, system and
parameter identification methods are being developed. New control approaches and
concepts are exploiting emerging technologies such as artificial intelligence.
Research in the Guidance Technology element involves the development of satellite
precision navigation concepts and advanced technologies for wind shear detection and
avoidance. Flight Crucial Systems research is directed toward the development of
design, assessment, and validation methodologies for flight crucial systems.
Increasing emphasis will be placed on developing engineering tools that support cost-
effective certification of future fly-by-light systems in flight crucial applications.

Generic Hypersonics research is focused on development of multidisciplinary

modeling meth-ods, integrated aero/propulsion controls, handling qualities criteria,
trajectory optimization for hypersonic vehicles, and instrumentation for both flight
and ground testing. In the Subsonic Transport element, activities are directed toward
technologies that will provide more efficient civil transport operations in the future
National Airspace System. The development of efficient 4-D guidance/control systems
leading to enhanced efficiency and capacity in the terminal area is a major thrust in
this element. Technology developments in automated mission management and goal-
directed flight path management leading to automated nap-of-the-earth flight
capability are areas of emphasis in the Rotorcraft element. Research in the
Fighter/Attack element is focused on advanced guidance and control concepts for

future superagile aircraft, development of automated flight test techniques, and
development of multidisciplinary design methodologies for highly interactive dynamic
systems.

The Aeronautical Controls and Guidance Program involves analytical and
experimental research performed by in-house, university, and industry personnel.
Extensive use of ground-based simulation is a characteristic of the program, with
selected flight experiments being conducted in a variety of aircraft. More emphasis is
being placed on carrying the most promising concepts into flight evaluation and
validation programs.

Program Manager: Ray V. Hood
NASA/OAET/RC

Washington, DC 20546
(2O2)453-2745
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4D Trajectory Generation Techniques
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Controls and Guidance - Space

The Space Controls and Guidance Research and Technology Program is directed

toward improving the next generation of space transportation systems: the
President's Lunar/Mars Initiative,large future spacecraft,space systems such as the

Space Station, large com-unication antennas, and high-precision segmented reflector

telescopes and interferometers. The new generation of transportation vehicles is

being challenged with demanding requirements to provide an order of magnitude
reduction in cost as well as an increase in capability; the Lunar/Mars Initiative will

require reliable avionics systems; and future orbital facilitieswill have demanding

control requirements for pointing and stabilization,momentum management, build-

up and growth accommodation, and disturbance management.

To address advanced launch requirements, research and technology for adaptive

guidance is being pursued. A forward-looking laser, detecting wind velocity in

advance of the vehicle,provides the data for calculating,on board, the desired load

alleviationtrajectory.This technology has the capabilityto provide large reductions in

operations support in the planning and generation of the mission software and
mission control.In support of the Lunar/Mars initative,the Advanced Information

Processing System (AIPS ) forms the basis for our research and technology program

into highly reliablefault tolerant distributedcontrol systems. AIPS, along with long-

lived,reliableavionic system components, willgreatly assistour ability to realizethe
President's Initiative.For complex space systems, computational controls are being

developed to provide cost-effective,high-speed, high-fidelitycontrol system simulation

and analysis and synthesis tools.The thrust of this work will be to develop methods
and software to enable a 4 orders-of-magnitude improvement in analysis and real-

time hardware-in-the-loop simulation for control design certification.To address

future orbitalfacilitiesrequirements, an advanced technology program is under way

in system identification,distributed control, and advanced sensors and actuators. A
new area is under way utilizingadvances being made in microsensors and motors for

acceleration and rate gyros; this produces highly reliable systems based on high

multiples of hardware redundancy.

Program Manager: John D. DiBattista
NASA/OAET/RC

Washington, DC 20546
(202) 453-2743
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Data

The Data Systems Program consists of research and technology devoted to controlling,

processing, storing, manipulating, and analyzing space-derived data. The objectives
of the program are to provide the technology advancements needed to enable
affordable utilization of space-derived data, to increase substantially the capability for
future missions of on-board processing and recording and to provide high-speed,
high-volume computational systems that are anticipated for missions such as the
evolutionary Space Station and Earth Observing System.

The Data Systems Program supports fundamental research in such areas as laser
diodes, supports work to select and provide the appropriate on-board processor
technology for future NASA missions, and also supports the development of two flight

processors with special architectures. The ongoing support for solid-state laser
research leads directly to the development of a nine laser diode array that is used in
the Optical Disk Recorder. Some laser research efforts are focusing on Space Station
data handling applications. These devices are being developed to handle both the 300
Mbit/sec basic data rate and the much higher rates needed to support networking and

computer internal communications. Complementary research is being supported to
characterize the fundamental performance and properties of various alternative

networking.

NASA missions require processors that will work very reliably in the space
environment. Computer systems for missions in polar orbit and some planetary
missions must operate reliably in high radiation environments. The Data Systems

Program capitalizes on the dramatic advances in electronics, computer systems, and
software that are occurring in both the public and private sectors. It fosters and leads

the development of technologies required to meet NASA's unique data systems needs.
NASA technical expertise is being applied in cooperative arrangements with DoD,
and products from the DoD VHSIC program and other DoD developments are being
assembled into processors for testing and evaluation.

The Advanced Digital Synthetic Aperture Radar (SAR) Processor includes a special
architecture and algorithms to process SAR data. The unit will have a compute rate of
6000 megaflops per second. The Massively Parallel Processor (MPP) is being used for
ground processing of space image data, SAR data, and spectral analysis. The MPP
utilizes 16,384 processors. The research applications developed on the MPP have
verified the expected tremendous computational power of the MPP for the target
applications. Researchers outside of NASA in several universities, research centers,
and industry have been given access to the MPP to gain an understanding of its
capabilities, and they have applied these unique resources to a broad range of

computational problems.

Future objectives through the Civil Space Technology Initiative in High Rate/High
Capacity Data include data system architectural studies for new space initiatives,
significant advances in technologies and capabilities for on-board image processing,
data compression, high-volume block access storage, data networks, spectrometry,
and adaptive sensor control.

Program Manager: Paul Hunter
NASA/OAET/RC

Washington, DC 20546
(2O2)453-2704
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CHIP Functional Block Diagram
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Human Factors - Aeronautics

The objectives of the Aeronautics Human Factors Research and Technology Program

are to provide the technology base and capability to design effectivecrew-cockpit

systems and to advance solutions to human factors problems affecting air transport

and rotorcraR safetyand effectiveness.

In the past 5 years, major steps in cockpit automation have occurred with the
introduction of more flexible electronic displays and a variety of automated flight

system management devices. They enable third-generation jet aircraft (i.e., B757/767,
MD-80/90, and B747-400) to have fully automatic routine flight from takeoff to rollout,

regardless of weather, and with reduced inflight workload. Higher levels of
automation have been associated with certain problems as well as benefits. The air

traffic management system has not kept pace to permit full use of these capabilities.
Changes in ATC instructions on the flight crew's tasks, especially during descent or
in terminal areas, result in very high workloads and, under some conditions, may
divert the crew from monitoring and managing the aircraft's progress and safety.

Major steps in cockpit automation have occurred with the introduction of more
flexibleelectronic displays and a variety of automated flight system management

devices. A major focus of human factors research has been directed toward new

human-centered interfaces and displays that provide increased margins of safety

while taking into account the potential value of computer-based and automated

system technology. The multiyear program of research, beginning in FY 1989, is

focused on new display technology for use by cockpit crews, human-centered

automation, and better use of information processing and management systems

within the cockpit and between flightdecks and air trafficcontrol stations.

For the past year, NASA researchers at Ames Research Center and Langley
Research Center, together with their cooperating universities and contractors, have

developed large display devices and presentation methods for restricted visibility

cockpits. Other research in computational vision and three-dimensional auditory
methods have allowed an expansion of human capabilitiesto deal with increasingly

complex information systems.

NASA researchers, with their academic counterparts, have identified effective
methods to reduce fatigue during long, Pacific-rim flights. As a result of these field
studies, the value of preplanned, in-seat rest has been identified and quantified.

In the area of helicopter research, NASA has identified major advantages of low level
displays for nap-of-the-earth flight. Certain display characteristics can enable the
pilot, under heavy workload conditions, to guide the rotorcraft through obstacles
under both day and reduced-visibility conditions.

Progress continues to be made in dealing with the complex problems that exist in in-

flight diagnostics and datalink methods and in the effects of boredom on cockpit

crews.

Program Manager: James P. Jenkins

NASA/OAET/RC

Washington, D.C. 20546

(2O2)453-2750
PRE'CEDING PAG_ BLANK NOT FILMED
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Evoked Potential Monitoring Task
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Stereo 3-D Displays

Parallax Induced Depth Perception
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Figure 1
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Stereoacuity Experiment Results

Control Condition
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Pilots' Visual Range-Tracking Task and
Alternate Pathway Formats
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Human Factors - Space

The major goal of the Space Human Factors Program is to provide the technology that
will enable safe and productive human performance throughout and after space

flights and planetary/lunar missions of long duration. Two elements of the program
are Human Factors and Extravehicular Activity Systems. The Human Factors

element has three major subgoals:

Human Performance Models, Data, and Tools allow us to understand human

activitiesin the physical,mental, and perceptual domains and to identify important

lessons learned about human activitiesfrom prior space and lunar missions. To this

end, Johnson Space Center is using a laser-based human body mapping system to

measure differentanthropometric sizes and shapes for incorporation into a large data

base. This data base is employed, along with a spatial computer image graphics

system, to analyze human motion under zero-gravity conditions, from the simulated
human bodysized figureperforming a variety of new activitieson board Space Station
Freedom or the Shuttle orbiter. At Ames Research Center, human performance

models for computer-aided engineering, a program initially developed for

aeronautical applications,are being modified for space applications.

Crew Support and Enhancement address the development of technology and its

applications for the evaluation of the crew's living and working activities in the

spacecraft,in the planetary/lunar habitat, and on planetary/lunar surfaces. During

the year, a number of projects were completed. At Johnson Space Center, new

computer graphics were developed, particularly new graphics methods for portraying

procedures that reduce human error. Also, advances in information management
methods for application to Shuttle maintenance operations were developed at Ames

Research Center. Data from Kennedy Space Center operations are being used as a

testbed for managing information processing in Shuttle maintenance operations.

Human-Automation-Robotic Systems determine the means by which humans and
automated or semi-autonomous systems can effectivelywork together. A major

project at Ames Research Center is the development of the Virtual Workstation as a
user interface device for exploring lunar or planetary surfaces. The effortthis year
has been to obtain a MARS-like data base and begin to employ it in simulated

missions. At Johnson Space Center, effortwas directed toward identifying the best

location of visual sensors for teleoperations.

The second major area of technology development is Extravehicular Activity (EVA)
Systems. In the past year a formal test and evaluation program for the AX-5 and the

Zero PreBreathe Mark III EVA suits was completed, and results were evaluated by

an internal NASA panel of experts and astronauts from Ames Research Center and

Johnson Space Center. Research to develop a voice-actuated control system for

commanding a data display on EVA suits was completed. Initialconcepts for a wrist-

mounted electronicdisplay for EVA suits were developed at Johnson Space Center.

Program Manager: James P. Jenkins

NASA/OAET/RC

Washington, DC 20546
(202) 453-2750
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Sensor 

The objective of the Sensor Technology Program is to provide necessary expertise and
technology to advance space remote sensing of terrestrial, planetary, and galactic
phenomena through the use of electromagnetic and electro-optic properties of gas,

liquid,and solid-statematerials technology.

The Sensor Technology Program is divided into two subprograms: a base research

and development part and a Civil Space Technology Initiative(CSTI) part. The base

research and development consists of research on artificiallygrown materials such

as quantum well and superlatticestructures with the potential for new and efficient
means for detecting electromagnetic phenomena. Research is also being done on

unique materials and concepts for detector components and on devices for measuring

high-energy phenomena such as UV, x-, and gamma rays that are required

observables in astrophysical and solar physics missions.

The CSTI program is more mission driven and is balanced among four major

research and development disciplines:(I)detector sensors; (2) submillimeter wave

sensors; (3) lidar/DIAL sensors; and (4) coolertechnology. The firstdisciplineplans to

develop large spatialimaging format arrays in the near (1 - 30 mm wavelength) and

far (30 - 200 mm wavelength) infrared portions of the electromagnetic (EM) spectrum.

These goals are crucial to enable spaceborne remote sensing for the various

terrestrial,planetary, and astrophysical missions. The submillimeter discipline is

dedicated to developing the technology to enable heterodyne receiver instruments for

remote sensing in the 300 to 3000 GHz frequency regions of the EM spectrum with a
focus on developing local oscillators, frequency mixers, and quasi-optical technology
in this region. Backward wave oscillators, lasers, and quantum well devices may also
have potential as oscillators. In the third area, DIAL/lidar (DIAL stands for
Differential Absorption Lidar, and lidar means light detection and ranging) consists
of research on techniques for enabling active remote sensing in which a coherent
source such as a laser is used to probe the environment. Research is concentrated on
technology for obtaining tunable, frequency stable, and pure space qualifiable lasers.
Finally, in the last discipline, research is focusing on technology to enable cryogenic
coolers in the Kelvin to sub-Kelvin temperature regions in support of efforts in the
detector and submillimeter wave sensor thrusts. Work includes research on various

cooler concepts such as the pulse tube, adiabatic, Helium 3, and zero-gravity
refrigerators and their corresponding component development.

Program Manager: Ramon P. De Paula
NASA/OAET/RC

Washington, DC 20546
(2O2) 453-2748
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